Aim: To investigate the association between mild cognitive impairment (MCI) and oral status, and to develop an oral-based screening index for MCI.
Introduction
It is estimated that there will be 132 million people with dementia worldwide in 2050, threefold the current number of approximately 46.8 million.
1 It is also estimated that there are approximately 9.9 million new patients with dementia every year, and that this number will increase rapidly in countries whose populations experience advanced aging. 1 Although no effective therapy for dementia has been established yet, several preventive measures have been reported. 2, 3 According to these reports, early detection and treatment of mild cognitive impairment (MCI) is essential in preventing dementia. Therefore, a screening index for MCI should be established.
To screen as many people as possible with MCI in the earliest phase, a simple and easy index without special testing is required. 4 As many older individuals have opportunities to receive dental care, there is a high likelihood that oral findings specific to MCI might contribute to its early detection. 5, 6 Therefore, we analyzed the data obtained from 5104 older individuals living in a community in Japan to investigate the association between MCI and oral status, and to develop an oralbased screening index for MCI.
Methods

Participants
The present study was based on data from 5104 individuals aged ≥65 years (mean age 71 years) who were enrolled in the Obu Study of Health Promotion for the Elderly (OSHPE, 2011 or 2012). The study was approved in 2010 by the ethics committee of the National Center for Gerontology and Geriatrics (approval no.: 437) and conformed to the tenets of the Declaration of Helsinki. All participants were provided a written and verbal explanation regarding the present study, and they provided written informed consent.
Measurements
Assessments were carried out by well-trained dentists, dental hygienists, nurses and allied health professionals. Before the study, for the purpose of calibration, the staff received instructions from the authors regarding the correct protocols for each measurement.
Physical assessment
Height, weight, skeletal muscle mass index, handgrip strength and walking speed were measured. 7 A multifrequency bioelectrical impedance analyzer (MC-980A; Tanita, Tokyo, Japan) was used to measure bioimpedance. We estimated appendicular skeletal muscle mass using the equations that were developed for Japanese older adults. 8 Skeletal muscle mass index was calculated as appendicular skeletal muscle mass / height. 2 
Patient questionnaire and medical history
Participants answered a questionnaire that inquired about age, sex, living alone, educational history, smoking, alcohol consumption, daily conversation and the frequency at which each individual went out each week. Medical histories, and Geriatric Depression Scale (GDS) 9 and Mini-Mental State Examination (MMSE) scores were recorded based on answers from a questionnaire or from face-to-face interviews.
Oral examination
Oral examinations consisted of counting both the total number of teeth and the number of functional teethdefined as teeth present and missing teeth replaced by prosthesis. Teeth with severe decay and stump teeth were not considered functional teeth. 10 Oral hygiene status was classified as good or poor (poor: visible dental plaque or food residue). To assess the loss of muscle strength, participants underwent palpation of the masseter muscle, and tension was classified as good or poor. 10 
Occlusal force
Occlusal force was measured in Newtons (N) using a pressure-sensitive film (Dental Prescale 50HR Type R; Fuji Photo Film, Tokyo, Japan) and the associated analytical equipment (OCCLUZER, FPD-707; Fuji Photo Film). Participants were asked to bite the film with maximal force, with their heads upright.
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Difference in masseter muscle thickness
We examined masseter muscle thickness unilaterally, using a real-time ultrasound scanner and a 6-MHz linear array transducer (Miru-Cube; Global Health, Kanagawa, Japan). Muscle thickness was recorded by the difference in masseter muscle thickness between relaxed and contracted conditions. 10 Measurements were carried out twice and the higher value was used for analysis.
Oral diadochokinesis
The oral diadochokinesis (ODK)-defined rapid syllable repetition test was used to evaluate articulatory oral motor skill at sites such as the lips, tongue tip and tongue dorsum. Participants were asked to repeat each given syllable -/ pa / and / ka / -sequentially as fast as possible for 5 s. The number of repetitions per second was calculated as the repetition speed of the syllables, using an electronic calculator via an internal microphone (T.K.K.3351 digital counter; Takei Scientific Instruments, Niigata, Japan). 10 The ODK / ta / was excluded from the analysis of this study because of strong multicollinearity between / pa / and / ka /.
Laboratory tests
Whole blood samples were collected from each participant in a non-fasting state by venipuncture between 11.00 hours and 16.00 hours. Blood was tested for total protein, albumin, triglyceride, total cholesterol, creatinine and lactate dehydrogenase levels. Analyses were carried out centrally in one laboratory (Special Reference Laboratories, Tokyo, Japan).
Operationalization of the MCI based on OSHPE data
We defined MCI based on previous studies, using the following criteria: subjective memory complaints; cognitive impairment; no evidence of functional dependency; and exclusion from the clinical criteria for dementia. [12] [13] [14] Screening for MCI included a standardized personal interview for collection of sociodemographic, lifestyle, medical history and functional status data, along with cognitive screening that was carried out using MMSE and the National Center for Geriatrics and Gerontology-Functional Assessment Tool.
Individuals with 23 or fewer points on the MMSE were excluded from the present study, because they were considered to have general cognitive impairment. All tests used in this study had previously established standardized thresholds for the definition of impairment in the corresponding domain (score <1.5 SD below the age-specific mean) for population-based OSHPE cohorts consisting of older adults. 15 
Statistical analysis
In order to identify variables that strongly influence the screening of MCI, discriminant analysis with a stepwise forward selection method was used to select variables whose baseline characteristics showed a significant difference between individuals with and without MCI. Furthermore, in order to develop a simple, easy and effective screening tool for MCI, variables obtained from MMSE and biochemical laboratory tests were excluded.
Student's t-test (quantitative data) and the χ 2 -test (categorical data) were used to analyze the differences between individuals with and without MCI, and between men and women. R statistical software version 2.15.2 (R Foundation, Vienna, Austria) was used for these analyses, and significance was set at 5%. For discriminant analysis, a level of significance of 10% was also considered.
Results
According to Shimada et al., the OSHPE includes 945 participants with MCI and 2732 participants without MCI. 15 In the present study, we excluded 15 individuals and 63 individuals in each group, respectively, owing to missing oral cavity data. Finally, 930 individuals with MCI and 2669 individuals without MCI were included in our analyses (Fig. 1) .
As shown in Table 1 , a simple comparison of characteristics between participants with and without MCI showed significant differences between the two groups, except for the sociodemographic characteristics of sex, body mass index, living status (alone) and history of alcohol consumption, and the functional status measure skeletal muscle mass index, the presence or Figure 1 Flow chart of the study. We defined mild cognitive impairment (MCI) based on previous studies, using the subjective memory complaint, points on the MiniMental State Examination (MMSE), functional decline in basic activities of daily living (ADL), long-term care insurance due to disability and objective cognitive decline on cognitive tests. We excluded 78 participants due to missing oral status and function data.
absence of certain comorbidities (diabetes mellitus, dyslipidemia, osteoporosis, lung disease, knee osteoarthritis and depression) and creatinine concentration. Table 2 and Table S1 show the mean values AE SD of the oral assessment points (end-points) by sex in participants with and without MCI. There was no significant difference in the occlusal force or the thickness of the masseter muscle between the groups. Both men and women with MCI showed significantly lower levels of the following: number of present teeth; oral ODK (/ pa / and / ka /) and palpation of masseter muscle tension (P < 0.05). Table 3 shows the results of the discriminant analysis. Older age (discriminant coefficient [DC] = −0.04; 95% confidence interval [CI] = −0.06 to −0.02, P < 0.001), male sex (DC = 0.50; 95% CI = 0.16-0.84, P = 0.004), higher education level (DC = −0.14; 95% CI = − 0.18 to −0.11, P < 0.001), ODK pa per second (ODKpa; DC = −0.16; 95% CI = − 0.33 to −0.01, P = 0.041), stronger handgrip strength (DC = −0.03; 95% CI = −0.05 to −0.01, P = 0.002), more points on the GDS scale (DC = 0.08; 95% CI = 0.05-0.11, P < 0.001), higher score on the MMSE (DC = 0.08; 95% CI = 0.05-0.11, P < 0.001), the presence of heart disease (DC = 0.23; 95% CI = −0.00 to 0.46, P = 0.046) and elevated albumin levels (DC = −0.36; 95% CI = −0.70 to −0.01, P = 0.044) were all significantly associated with the incidence of MCI.
In order to develop a screening method for MCI that focused on assessment of the oral cavity, variable selection was carried out using discriminant analysis with the stepwise forward selection method, after variables obtained from the MMSE and biochemical laboratory tests were excluded (Table S2 ). The following results The simple discriminant function using these results was as follows: MCI screen (MCIS; simple diagnosis score) = 567 + 68 × x1 (sex; 1, women; 2, men) − 2 × x2 (age at testing) + 20 × x4 (palpation of the masseter muscle; 1, strong; 2, weak) − 19 × x5 (ODKpa) − 17 × x7 (ODKka) − 16 × x8 (educational background) − 3 × x12 (handgrip strength) − 44 × x13 (walking speed) +9 × x14 (GSD score); at MCIS >50, the patient was judged as group 1 (with MCI); at MCIS <50, the patient was judged as group 2 (non-MCI).
The relative cumulative frequency distribution for MCI was calculated and recorded using MCIS (Fig. S1 ). Based on this graph, the boundary value was 79.5, and sensitivity and specificity were 0.63.
Discussion
As the first large-scale study for the purpose of determining oral conditions associated with MCI, the present study showed that impaired lip movement was significantly associated with the incidence of MCI.
Consistent with previous studies, we found that various factors (e.g. education background, handgrip strength, GDS and albumin) were significantly associated with MCI, indicating the validity of the participant population and data in the present study. [16] [17] [18] In terms of age, the present findings contradict the results of previous studies, as we observed a significantly lower 18, 19 In fact, although some reports have found no significant association between age and MCI, no study has shown a lower incidence of cognitive impairment with increasing age. 20 One explanation for this discrepancy could be that our study excluded individuals with suspected dementia, leading to a possible survival effect. In other words, older individuals that sufficiently maintain oral, motor and cognitive function might be more youthful and healthy, and they are health conscious, as they participated in health checkups voluntarily, thus lowering their risk of developing MCI. Based on this assumption, this would explain why, in the absence of deficiencies in oral, motor or cognitive function, we observed a decrease in the incidence of MCI in older individuals that participated in our study.
The present study is the first to show an association between impaired ability to pronounce / pa / and MCI. While we previously reported that values for ODK decrease with age, we found a mean value for / pa / of 6.1 AE 0.6 in women and 6.0 AE 0.9 in men, respectively. 10 In the present study, the ODK rate for the / pa / sound was significantly associated with MCI after controlling for the age effect using multiple discriminant analysis; in addition, the values for / pa / in participants with MCI were lower than earlier reported average values. 10 Because of impaired lip function, an individual's speech can become unclear and, thus, might make conversation difficult. In contrast, there were no significant differences regarding the ability to pronounce the / ka / sound, representing tongue motor function and MCI. It is necessary to move the tongue when pronouncing / ka / sounds, respectively, and tongue pressure could affect dexterity; more advanced oral motor skills are thus required for these sounds in comparison with / pa /. Oral motor skill, such as lip movement, is supposedly a good measure to detect primary oral dysfunction. However, many studies have reported that MCI is associated with decreased sociability and depression. 21, 22 Conversely, engaging in conversation and increasing sociability might delay the onset of dementia. 23 We suspected that the observed decrease in the / pa / syllable of the ODK test could be explained by the fact that individuals with MCI likely had less desire to engage in conversation and to go out, thus limiting their ability to improve ODK. However, we found no association between MCI and ordinary conversation or sociability; future studies will need to determine the cause of decreased ODK / pa /.
As incidents of spilling food increase because of impaired lip sealing function, the motivation and pleasure of eating out or having meals with family might become reduced. 24 Disruptions to the physical performance of the lips and tongue might also directly reduce swallowing function and appetite in older individuals, leading to decreased energy intake and loss of nutritive balance. 25 It has also been reported that decreased energy intake and worsened nutrition inhibit physical and cognitive function, which might comprehensively promote the onset of dementia. 26 Previous studies have reported an association between dementia and the number of teeth, oral hygiene 6 and bite force. 5 Thus, family dentists who have frequent contact with older patients who come for regular dental checkups could easily become involved in the early detection of dementia. Dental professionals can play an important role in the evaluation of oral health status and oral function, as well as of psychosocial factors, through medical interviews and physical assessments. Dental professionals could refer patients with suspected MCI to medical doctors, in order to develop a treatment plan, while allowing them to maintain oral health and subsequently reducing the advancement of dementia. 27 Inter-professional collaboration, such as information sharing, could prove important in the comprehensive assessment of MCI.
The present study had several limitations that should be addressed. First, we were unable to determine the causality between disrupted oral function and cognitive impairment, because of the cross-sectional nature of this study. Furthermore, to the best of our knowledge, the evidence as to whether a preventive intervention regarding oral function enhancement could improve cognitive function is still insufficient, as is the evidence for the interrelationship between lip movement and cognitive function. Accordingly, long-term follow ups of these groups and future intervention studies will be necessary to examine the association between oral function and the onset of dementia, and to establish preventive strategies for dementia.
Second, the theoretical boundary value obtained from the relative cumulative frequency distribution for MCI (Fig. S1 ) by the MCIS was 79.5, and the proper diagnosis rate was low, at 0.63. Proper diagnosis rates in previous cross-sectional studies using the Montreal Cognitive Assessment, which is considered suitable for the screening of MCI, are comparable with our value (i.e. 0.64-0.92). 19, 20, [28] [29] [30] Considering that the MCIS is an index that does not include the examination of cognitive function (for example, the MMSE), it can be considered acceptable. When the theoretical boundary value of a simple distinction score (50) obtained from a discriminant analysis was set as the boundary value, we obtained a sensitivity of 0.78 (95% CI 0.75-0.81), specificity of 0.45 (95% CI 0.43-0.47) and accuracy of 0.53 (95% CI 0.52-0.55); thus, priority was given to sensitivity. Due to the limitation in proper diagnosis, subsequent assessment for patients diagnosed with MCI should be carried out by experts, and a program to prevent transfer to dementia from MCI should be established. In the present results, the real sensitivity/ specificity curve was similar to the theoretical sensitivity/specificity curve. Therefore, it is conceivable that the boundary value, sensitivity and specificity obtained from the RCD curve in our study were highly reliable and versatile.
The MCIS strongly highlights the association between cognitive and physical function, and is most frequently used during comprehensive examinations of community-dwelling older individuals to prevent dementia and frailty. Future efforts should be made to increase the rate at which this tool accurately detects MCI in order to prevent the onset of dementia more effectively.
In conclusion, the results showed the association between MCI and impaired oral function, as assessed by ODK. The present findings suggest that individuals with MCI might show impaired movement of the lips, providing a potential marker for the early detection of MCI and the prevention of dementia.
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Figure S1
Relative cumulative frequency distribution for mild cognitive impairment (MCI). Relative cumulative frequency distribution for MCI was calculated and recorded using MCIS. In this graph, the x-axis shows MCIS values, whereas the y-axis shows sensitivity and specificity. The gray solid line indicates distribution of relative cumulative frequency for the data of participants without MCI, whereas the gray dashed line indicates the distribution of theoretical relative cumulative frequency distribution for normal distribution of the data; these are equivalent to the specificity curve and the theoretical specificity curve, respectively. The black solid line indicates the relative reverse cumulative frequency distribution of the data among participants with MCI, and the black dashed line indicates the theoretical relative reverse cumulative frequency distribution for normal distribution of the data; these are equivalent to the sensitivity curve and the theoretical sensitivity curve, respectively.
Table S1
Descriptive statistics for oral function.
Table S2
Multiple discriminant analysis for association with mild cognitive impairment for screening.
